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INTRODUCTION
Most Runge-Kutta (RK) methods for numerical solution of initial value problems in ordinary differential equations (ODEs) are used to solve system of ODEs that have not exact solutions or the solutions are very difficult to obtain. RK methods have a wide range of applications in different fields of life. Thus many authors have studied variations of RK methods. Bogacki and Shamping [1] derived a pair of explicit Runge-Kutta formulas of 4th and 5th order (RK45). Liu and Zou [2] suggested some new additive Runge-Kutta methods from order 2 to order 4 that may be used for solving some nonlinear system of ODEs. Abdulaziz et al. [3] compared the Adomian decomposition method (ADM) with RK method of 7th-8th order (RK78) by using Lorenz and Chen systems in a sequence of time intervals. Acton [4] extended RK method of order 4 to solve numerically fuzzy differential equations.
Many problems in physics, biology and engineering are modeled by systems of ODEs i.e. as demonstrated by Liu and Zou [2] . Akanbi and Patidar [5] applied a class of geometric explicit Runge-Kutta methods for solving one-dimensional first order Initial Value Problems (IVP) to solve some mathematical models arising in pharmacokinetics. Loganathan et al. [6] used Runge-Kutta learning method for the best classification of cancer when it is compared with algorithm of Adaptive Neuro Fuzzy Interference system while Dahoe et al. [7] combined an explicit Runge-Kutta method for non-sliff systems with the potential of the Levenberg-Marquardt method.
Excess weight has fast becoming a serious health concern in the developed and developing world. Santonja et al. [8] studied excess weight that is caused by unhealthy lifestyles. A mathematical model is presented to track on progression of excess weight loss influenced by prevention strategy of public health campaigns. The public health campaigns focusing on two-fold goals: to inform the public as to the health risks inherent in being overweight and the benefits of a change in nutritional behavior. The campaigns act on overweight and/or obese individuals in order to reduce their weight. Prevention and treatment are simulated in order to evaluate the effectiveness of the health campaigns. The study concluded that combination of preventive with treatment campaigns are more benefit than separating each one alone.
In this paper, the effect of public health campaigns on reducing excess weight in Valencia community of Spain is revisited as a system of ODEs of the first order previously proposed by Santonja et al. [8] . This system is solved by using various RK methods; RK method of order 2 (RK2), RK method of order 4 (RK4) and the pairs of RK45 and RK78 to get the numerical solution for this system. Then the accuracy of these RK methods is measured by computing the absolute relative approximate error. These numerical results are compared with statistical estimated values for three years; 2013, 2015 and 2030 as discussed in [8] .
THE MATHEMATICAL MODEL
Santonja et al. [8] studied loss of excess weight over the next few years among subpopulations of the adult inhabitants of Valencia and determined the effectiveness of obesity control strategies in order to decrease the number of overweight and obese individuals. In Snyder [9] , the author concludes that nutrition campaigns should be able to change nutrition behavior. Following Christakis et al. [10] and Christakis et al. [11] to address this problem, we assume that excess weight (obesity and overweight) is a socially transmitted epidemic disease. Santonja et al. [8] presented the mathematical model to simulate the effects of the health campaigns including the estimation of its parameters. Adult individuals (24-65 years old) in Valencia are divided into three subpopulations [8] depending on their Body Mass Index (BMI= Weight/Height Table (1). We consider transition of individual weight starting at 2 4 years old in all subpopulations of N, S and O sufficient for the initial BMI prior to the public health campaigns organization at t h e a g e of 23-year-old normal weight (N 0 ), overweight (S 0 ) and obese (O 0 ) subpopulations respectively. They a r e t h r e e linear terms modeled by μN 0 , μS 0 and μO 0 respectively. The individuals are assumed to leave the system when they are 65 years old by any means. This is modeled by the average rate of the terms μN, μS and μO respectively. This model [8] is described by the following non-linear system of differential equations (t, time in weeks):
where the parameters of the model are displayed in Table ( 
RESULTS AND DISCUSSION
In this paper, we use many RK methods; RK2, RK4 and the order pairs of RK45 and RK78 to solve system of the model (1)-(3) . The numerical solutions of each subpopulations N (t), S (t) and O (t) in 2013 and in the next years of 2015 and 2030 are computed. We compare these iteration values of RK methods with predictions [8] of normal weight, overweight and obese individuals in 2013, 2015 and 2030 of for the community of Valencia. These predictions had been recorded previously by taking into consideration that population nutritional habit and public health strategies are stagnant that affect changes in weight reduce in 2013 and in the next years 2015 and 2030. It is noticeable that normal weight populations will decrease as time increases while overweight and obese people subpopulations will increase at the same time. Also, for more accuracy, we have comparison with the predictions that are given by 90% confidence intervals (CI) at the same indicated years. This type of predictions depends on Latin Hypercube Sampling (LHS) (see Hoare [12] and Marino [13] ). The 90% CI prediction values have similar trend with the previous observed values in these years concerning the increase of overweight and obese individuals in front of diminution normal weight. We note that in all tables presented, all numerical solutions of RK methods belong to CI of model; therefore these values have same properties for specific predictions in decreasing for normal weight with increasing of overweight and obese subpopulations. We compute the time as a week using . In addition, the pairs RK45 and RK78 are faster in execution and more accurate than RK2 and RK4 methods. In order to determine the accuracy of the numerical results obtained, the absolute relative approximate errors|¡a|% are calculated in each iteration representing the difference between the respective RK solution and the statistical observed values given. We take the step size h =1 (one week) because smaller value than one to improve the accuracy is meaningless since we are solving the actual social epidemic model. This error |¡a|% is smaller in CI than the error in observed values. Finally, all programs are computed using Maple software and the results are displayed by the tables of 2013 and of the next few years. 
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TABLE (3).
Numerical results with predictions for normal weight, overweight and obese peoples in 2013 Using RK45 and RK78.
TABLE (4).
Numerical results with predictions for normal weight, overweight and obese peoples in 2015 Using RK2 and RK4. 
CONCLUSION
Based on Table (1) to Table (7) , the proportion of normal weight people will decrease in the future while the proportion of overweight and obese people will rise. These results are in good agreement with predictions in [8] . Although the normal weight changes slowly to overweight and obese in the next years, overweight and obese will increase during the same period. Therefore, preventive healthy campaigns to reducing excess weight is more beneficial than treatment. However using preventive strategy together with treatment is always more effective than having every approach alone. The numerical results obtained via RK2, RK4, RK45 and RK78 methods fall consistently within the 90% CI of the statistical predicted values. The results of RK2 method gives the smallest error for numerical predictions in 2013 for all subpopulations N, S and O. Similar conclusion is derived for 2015 predictions except in the subpopulation O where RK45 method produces the smallest difference with the statistical observed values. Interestingly for 2030, the smallest absolute approximate errors are given by RK2 for normal weight subpopulation, RK4 for overweight subpopulation and RK45 for obese populations. These errors are dependent on the accuracy of the former statistical predictions by Santonja et al. [8] 
